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The invention relates to novel 17B-substituted 4-azaandrostane derivatives of general Formula (I), wherein R means hy-
drogen or a C.salkyl group; R! and R? are the same or different and stand for hydrogen or a Cy_galkyl group with the provi-
so that both can mean hydrogen only in the case when n is higher than 5; or R! and R2 together mean an a,»-alkylene group
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pounds of general Formula (I) exert a So-reductase enzyme-inhibiting effect and therefore, they are useful for treating all diseas-
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NOVEL 178-SUBSTITUTED 4-AZAANDROSTANE DERIVATIVES,
PHARMACEUTICAL COMPOSITIONS CONTAINING THEM AND
PROCESS FOR PREPARING SAME

5 The invention relates to novel 178-substituted 4-

-azaandrostane derivatives of general formula (I),
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wherein

R means hydrogen or a Cj-3alkyl group;

Rl and Rz, are the same or different and stand for
hydrogen or a Cj-galkyl group with the

5 proviso that both can mean hydrogen only

in the case when n is higher than 5; or

Rl and R2 together means an «,w-alkylene group
containing 5 to 7 carbon atoms, the
terminal carbon atoms of said alkylene

10 ‘group being bound to the same ring carbon
atom;
n is 4, 5, 6 or 7; and

- bond line represents a single or double
bond

15 as well as pharmaceutical compositions containing
these compounds.

Furthermore, the invention relates to a process
for the preparation of the above compounds and compo-
sitions.

20 The compounds of general formula (I) according to
the invention are new and possess a valuable bio-
logical activity namely, by inhibiting the function
of the Sa-reductase enzyme, they impede the trans-
formation of testosterone to dihydrotestosterone.

25 Accordingly, the invention relates also to a
method of treatment, which comprises administering a
therapeutically effective amount of a compound of
general formula (I) to a patient to be treated
including humans for inhibiting the 5a-reductase

30 enzyne.

Among the steroid hormones, the androgens are
reponsible for all the physical characteristics
distinguishing male individuals from the female ones.
In male individuals two steroids, testosterone and

35 its reduced metabolite, i.e. dihydrotestosterone
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(abbreviated: DHT) are primarily responsible for the
androgenic effects. In the tissues of mammals, the
transformation of testosterone into DHT is catalyzed
by the steroid 5a-reductase enzyme in the presence of
5 nicotinamide adenine dinucleotide phosphate (NADPH).
In male individuals, testosterone is predominantly
synthetized by the testicles, wherefrom it is carried
to the various tissues by the blood flow. In a part
of the androgen-sensitive tissues where a significant

10 activity of the steroid 5a-reductase enzyme can be
detected, e.g. in the prostatic and skin tissues, the
direct mediator of the androgenic effect is dihydro-
testosterone which is synthetized in situ from
testosterone taken up from the blood flow.

15 The increase of the DHT concentration in the
tissues plays a role in the development and persist-
ence of a number of androgen-dependent diseases,
such as e.g. benign prostatic hyperplasia, acne,
seborrhoea, female hirsutism and androgenic alopecia

20 [J. Clin. Invest. 49, 1737 (1970); J. Invest.
Dermatol. 56, 366 (1971); and ibidem: 75, 83 (1977);
as well as Clin. Dermatol. 6, 122 (1988)]. All
substances inhibiting the steroid S5a-reductase
enzyme and thereby diminishing the concentration of

25 DHT in the tissues, may be useful for the treatment
of the above DHT-dependent diseases.

Based on this recognition, the research was
directed to the synthesis of 5a-reductase enzyme
inhibitors. In the last fifteen years many 5a-

30 -reductase enzyme inhibitors containing the steroid
skeleton have been described in the literature.

The most populous group of 5a-reductase in-
hibitors known till now is represented by the 4-
-aza-17-carbamoyl steroids.

35 A compound containing 4-aza structural moiety is
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described in the US patent specification
No. 4,377,584 and in J. Steroid Biochem. 19, pages
385 to 390 (1988).

The synthesis of 178-(N,N-diethylcarbamoyl)-4-
-methyl-4-aza-5a-androstan-3—-one is emphasized in the
US patent specification No. 4,220,775. On the basis
of literature data this compound was undertaken to a
comprehensive biological study.

The synthesis of novel 178-(N-monosubstituted
carbamoyl)-4-aza-5a-androstenones, e.g. 178-[N-(1,1-
-dimethylethyl)carbamoyl]-3-oxo-4-aza-5a-androst-1-
-ene [compound of code No. MK-906, named Finasteride)
is described in the European patent specification No.
155,096. Nowadays, the above compound has been
accepted for therapeutical use.

The synthesis of oxidized analogues of 17B8-(N-
-monosubstituted carbamoyl)-4-aza-5a-androstan-3-one
derivatives are published in the European patent
specification No. 271,220. It is characteristic of
the compounds described that the alkyl substituent of
the 178-(N-monosubstituted carbamoyl) moiety may bear
a hydroxyl, carboxyl or alkoxycarbonyl group.

The synthesis and use for the treatment of
alopecia of 178-(N-monosubstituted carbamoyl)-4-aza-
-5a-androst-1-en-3-one derivatives are described in
the European patent specification No. 285,382;
whereas the use of the above compounds for the
treatment of prostate carcinoma is suggested in the
European patent specification No. 285,383.

A novel process for building-up the aminocar-
bonyl side chain in position 17 of 178-substituted-
-3-oxo-4-azasteroids via the Grignard reaction of
the imidazole derivative of the appropriate car-
boxylic acid is presented in the European patent
specification No. 367,502.
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~ The European patent specification No. 462,662
discloses the synthesis of 178-(N-monosubstituted
adamantylcarbamoyl)- as well as (norbornylcarbamoyl)-
-4-aza-5a-androst-1-en-3-one and -4-aza-5c-androstan-

§ -3-one. In the patent specifications, the
possibilities of use of the 5a-reductase-inhibiting
compounds are also discussed.

The synthesis of 4-azasteroids containing double
bond(s) in the positions 8(14), 7(8) or 16(17) and/or

10 1(2) is described in the European patent specifica-
tion No. 277,002. A characteristic structural moiety
of the Cj7-side chain is the aminocarbonyl group,
but an other side chain containing oxygen or
nitrogen may also be present in position 17.

15 The combination of aromatase inhibitors with 5a-
-reductase inhibitors is suggested for the treatment
of prostatic hyperplasia in the German patent
specification No. 3,607,651, 1-Methylandrosta-1,4-
-diene-3,17-dione as aromatase inhibitor and 178-

20 - (N,N-diethylcarbamoyl)-4-methyl-4-aza-5a-androstan-
-3-one as 5a-reductase inhibitor are recommended.

The topical usability of 5a-reductase inhibitors
is suggested in the US patent specification
No. 4,885,289.

25 In the PCT patent application published under No.
WO 91/12261, the synthesis of 4-azasteroids is
disclosed, the Cj7-side chain of which is different
from those previously described. A characteristic
example of these compounds is 4-methyl-178-[N-iso-

30 propyl-N-(N,N-diisopropylcarbamoyl)carbamoyl]}-4-aza-
-5a-androstan-3-one.

The synthesis of novel 4-azasteroids bearing a
Cp7-side chain of general formula -X-COZ is published
in the European patent specification No. 200,859. In

35 this formula X means a chemical bond or a straight or
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branched Cj-galiphatic chain and 2 stands for an
alkoxy or a substituted amino group. These compounds
may contain also an oxo group in position 12 of the
steroid skeleton.

The Hungarian patent application No. 3396/91
(published under No. T/59417) relates to the
synthesis of 4-azasteroid derivatives containing a
Ci7-aminocarbonyl side chain bearing an alkyl group
substituted by an aromatic group. These compounds are
useful for the treatment and prevention of prostatic
hypertrophia.

Various types of azasteroids mainly inhibiting
5a-reductase is summarized in J. Med. Chem. 27,
pages 1690 to 1701 (1984). This summary contains
biological data, too.

The structure-activity relation of 5a-reductase
inhibitors containing 4-aza structural moiety is
discussed in J. Med. Chem. 29, pages 2298 to 2315
(1986) .

The 5a-reductase-inhibiting activity and the
biological effect of antiandrogenic properties of 4-
-azasteroids observed on rats are summarized in
Steroids 47/1, pages 1 to 19 (1986).

The transformation of acylimidazole derivatives,
mainly to carboxamide derivatives is published in
Synt. Comm. 30(17), pages 2683 to 2960 (1990).

The high number of the above-cited literature and
patent documents also support the importance of 5a-
-reductase inhibitors.

The object of the present invention was to
prepare new compounds, which show a higher biologi-
cal effectivity in comparison to those known from
the prior art and/or exert a more selective in-
hibitory effect on the activity of the 5a-reductase
enzyme. Namely, the properties mentioned above may
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result in a more advantageous therapeutical utiliza-
tion than the known drugs.
It has surprisingly been found that the 5a-
-reductase-inhibiting action can significantly be
5 enhanced by the specific selection of the amino-
carbonyl substituent in position 17 of 178-
-substituted 4-azaandrostene and -androstane
derivatives of general formula (I) according to the
present invention.
10 According to the invention the preparation of the
novel compounds of general formula (I) comprises
reacting a 17-halogeno-4-azaandrostene derivative
of general formula (II)

i5 X

/.
0/ fil (i
R
25

wherein R and =--- bond line are as defined above and
X stands for chlorine, bromine or iodine, with a
cyclic amine of general formula (III),

30 ‘R1

A

H-=N ; (CH2)n (1)

X

R



WO 94/07909 PCT/HU93/00058

10

15

20

25

30

35

-8~

wherein R1, R2 and n are as defined above, in a
dipolar aprotic solvent in the presence of a
palladium(II) salt, a tertiary amine base and
phosphines, or in the presence of a palladium(II)
complex and a tertiary amine base, in a carbon
monoxide atmosphere at a temperature between 35 °C
and 80 °C; and

if desired, dehydrogenating an obtained compound
of general formula (I), wherein R, R, R2, the
===- bond line between the Cs and Cg atoms as well as
n are as defined above, containing a double bond
between the Cj¢g and Cj7 atoms as well as a single
bond between the C; and C, atoms to obtain a compound
of general formula (I) containing double bonds
between the C; and C; atoms as well as between Cjg
and C17 atoms, wherein R, Rl, R2, the ---- bond line
between Cg and Cg atoms and n are as defined above;
and/or

if desired, transforming by catalytical
hydrogenation an obtained compound of general
formula (I), wherein R, Rl, R2, n,the ---- bond line
between the Cgs and Cg atoms as well as between the
C, and C, atoms are as defined above, containing a
double bond between the Cig and C;7 atoms, to obtain
a compound of general formula (I) containing a
single bond as the ---- bond line, wherein R, Rl, R2
and n are as defined above; and/or

if desired, dehydrogenating an obtained compound
of general formula (I), wherein R, Rl, R? and n are
as defined above, containing single bonds between the
C; and C; atoms, Cs and Cg atoms, as well as C1g and
Ci7 atoms, to obtain a compound of general formula
(I), containing a double bond between the C; and C;
atoms, wherein R, Rl, R2 and n are as defined above
and the ---- bond line means single bonds between
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the C5 and Cg as well as Cjg and Cy7 atoms.

In the reaction of the compounds of general‘
formula (II) with the compounds of general formula
(I1I), preferably palladium(II) diacetate or

5 dichloride as palladium(II) salts, triethylamine as a
tertiary amine base and triphenylphosphine, 1,4-bis-
- (diphenylphosphino)butane, 1,2-bis(diphenyl-
phosphino)ethane or 1,3-bis(diphenylphosphino)propane
as phosphines are employed. The reaction may be

10 carried out also in such a way that a complex of a
palladium (II) salt formed with a phosphine, e.gq.
[bis (triphenylphosphino)palladium(II))dichloride or
diacetate may be used instead of a palladium(II) salt
and phosphines.

15 In the above reaction, a dipolar aprotic solvent,
suitably dimethylformamide or dimethylsulfoxide may
be used as solvent.

The compounds of general formula (I) obtained in
the above reaction can be subjected to further

20 transformations within the scope of the general
formula (I).

Thus, an obtained compound of general formula (I)
containing a double bond between the C1g and Cjp7
atoms and a single bond between C; and C, atoms may

25 be dehydrogenated to a compound of general formula
(I) containing double bonds both between the C; and
C, atoms as well as Cjg and Cy7 atoms.

This dehydrogenation can preferably be performed
by using a quinone type substance, e.g. 2,3-dichloro-

30 -5,6-dicyano-1,4-benzoquinone in the presence of a
silylating agent such as bis(trimethylsilyl)-tri-
fluoroacetamide or with phenylselenic acid
anhydride.

An other possibility for the subsequent

35 transformation is provided thereby that an obtained
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compound, wherein R, R!, R2 and the ---- bond line
between the C; and C; atoms as well as Cg and Cg
atoms and n are as defined above, containing a double
bond between the Cj;g and Cj;7 atoms can be transformed
5 by catalytical hydrogenation to a compound of general
formula (I), containing a single bond as ---- bond
line, wherein R, Rl, R2 and n are as defined above.
As an other additional transformation, if desired,
the thus obtained compounds may be dehydrogbnated in
10 the positions 1-2 as described above.

According to a preferred embodiment of the
process of the present invention a 17-halogeno-4-aza-
androstene derivative of general formula (II) is
reacted with an amine of general formula (III), e.g.

15 hexamethyleneimine, heptamethyleneimine, 4-methyl-
piperidine, 3,3-dimethylpiperidine, 2,6-dimethyl-
piperidine, 2,5-dimethylpyrrolidine or 3-azaspiro-
[5,5)]undecane in dimethylformamide, in the presence
of palladium(II) diacetate, triphenylphosphine and

20 triethylamine under carbon monoxide atmosphere at a
temperature of 60 °C for 1.5 to 2 hours.

After the reaction becomes complete, the amines
and dimethylformamide are distilled off under reduced
pressure. The residue is dissolved in chloroform and

25 successively washed with water, aqueous hydrochloric
acid solution, aqueous sodium hydrogen carbonate
solution and again with water until neutral. After
drying the solvent is distilled off and the residue
is purified by chromatography or recrystallization or

30 by using both methods together.

The obtained 4-aza-17-carboxamido derivatives of
general formula (I) containing a double bond between
the Cyg and C;7 atoms and a single or double bond
between the Cs and Cg atoms can be dehydrogenated in

35 the positions 1-2 of the steroid skeleton by using
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quinones in the presence of a silylating agent or by
an other method, e.g. with phenylseleninic acid
anhydride. '
According to the present invention the following
5 procedure is preferably followed. Toluene, 2,3-di-
chloro-5,6-dicyano-1,4-benzoquinone, bis(trimethyl-
silyl)-trifluoroacetamide and a catalytic amount of
trifluoroacetic acid are added to the compound of
general formula (I) to be dehydrogenated. The reac-

10 tion mixture is stirred under nitrogen at room
temperature for 18 hours, meanwhile the progress of
the reaction may be followed by liquid chromato-
graphy. After disappearance of the starting
substance, cyclohexane-1,3-dione is added to the

15 reaction mixture, which is then stirred for
additional 3 hours in order to decompose the excess
of 2,3-dichloro-5,6-dicyano-1,4~-benzoquinone. Then,
the reaction mixture is gently boiled under reflux
for 20 hours. During this period the adduct is

20 decomposed and a double bond is formed between the
C, and C; atoms of the steroid skeleton. To the
toluene solution after cooling down, methylene
chloride is added and the mixture is stirred with
saturated sodium hydrogen carbonate solution. After

25 separating, the organic phase is again extracted
with sodium hydrogen carbonate solution. After
drying, the solvent is removed under reduced press-
ure and the residue is purified by recrystalliza-
tion.

30 For obtaining saturated compounds of general
formula (I), the unsaturated compounds obtained are
hydrogenated.

The catalytic hydrogenation may be carried out
e.g. in the presence of charchoal supported
35 palladium and hydrogen gas, in alcocholic solution;
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or in the presence of charcoal supported palladium
catalyst in formic acid medium; or by using
platinum(IV) oxide catalyst and hydrogen in glacial
acetic acid medium.

5 In the former case, for example, the unsaturated
compound of general formula (I) is dissolved in
ethanol and hydrogenated in the presence of charcoal
supported palladium catalyst and hydrogen gas under
atmospheric pressure at room temperature. After the

10 reaction becomes complete, the catalyst is filtered
off, and after evaporating the solvent the residue
is purified by recrystallization.

The double bonds may be saturated also in such a

manner that the unsaturated compounds of general

15 formula (I) are dissolved in formic acid and then
hydrogenated in the presence of a charcoal supported
palladium catalyst; or after dissolving in glacial
acetic acid the unsaturated compound may be
hydrogenated by using platinum oxide catalyst under

20 hydrogen atmosphere. After filtering off the
catalyst, the formic acid or acetic acid used as
solvent is distilled off and the residue is purified
by recrystallization or chromatography.

By carrying out the hydrogenating and dehydrogen-

25 ating steps in a suitable succession order compounds
of general formula (I) can be prepared, which contain
a double bond only between the C; and C; atoms. To
this purpose, a compound of general formula (I)
containing double bond(s), obtained from the reaction

30 of the compounds of general formulae (II) and (III)
is saturated by hydrogenation as described above,
then the obtained saturated compound of general
formula (I) is dehydrogenated in 1-2 positions as
described above.

35 17-Halogeno-4-azaandrostene derivatives of
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general formula (II) used as starting substances for
the preparation of compcunds of general formula (I)
may be synthetized by using the known 4-aza-5a-
-androstane-3,17-dione, 4-aza-androst-5-ene-3,17-

5 -dione or their N-alkyl derivatives [J. Pharm. Sci.
63, pages 19 to 23 (1974); J. Med. Chem. 27, 1690
(1984); J. Org. Chem. 46, pages 1442 to 1446 (1981))]
as follows.

After dissolving the known 4-aza-5a-androstane-
10 -3,17-dione, 4-azaandrost-5-ene-3,17-dione or their
N-alkyl derivatives, respectively in ethanol, tri-
ethylamine and hydrazine hydrate are added to the
above solution and the reaction mixture is boiled
under reflux. After complete reaction the excess of
15 hydrazine hydrate and triethylamine are distilled
off, the residue is precipitated with water, and
after filtering off, the precipitate is washed with
water until neutral and dried. The thus obtained
crude 17-hydrazono derivatives are used after or
20 without purification to prepare the 17-halogeno-4-
-azaandrostene derivatives of general formula (II).
Compounds of general formula (II) containing
iodine as X are prepared in such a way that the 17-
-hydrazono derivatives obtained in the preceding step
25 are reacted with iodine at room temperature in a
halogenated hydrocarbon and/or aromatic solvent in
the presence of a tertiary amine base. After complete
reaction the tertiary amine base and excess iodine
are removed by treatment with dilute aqueous hydro-
30 chloric acid solution and then with sodium thio-
sulfate. After evaporating the solvent, the residue
is purified by recrystallization or chromatography.
Compounds of general formula (II) containing
chlorine or bromine as X are prepared from the 17-
35 ~-hydrazono derivatives in such a way that the 17-
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-hydrazono derivative is dissolved in pyridine and
N-chloro- or N-bromosuccinimide is portionwise added
to the above solution at about -10 °C temperature.
After complete reaction the crude product is pre-
cipitated with water and filtered off. The pre-
cipitate is washed until it becomes free from
pyridine, then dried and finally purified by re-
crystallization or chromatography.

The S5a-reductase-inhibiting activity of 4-aza-
-5a~androstene derivatives of general formula (I)
according to the invention was studied by using a
standardized in vitro method as follows.

Preparation of the steroid 5a-reductase enzyme

Frozen human hyperplastic prostate was used for
preparation of the enzyme. The low-frozen prostate
was thawed in a 20 mM potassium phosphate buffer
(pH = 6,6) containing 320 mM saccharose, 1 mM di-
thiothreitol and 50 uM NADPH (solution A) at 0 °C,
then purified and cut to pieces of 2 to 3 mm3 size
by shears. The chopped tissue was then homogenized
at 0 °C in solution A having a 4 to 5-fold volume of
the prostate in an Ultra turrax homogenizer (Janke
and Kunkel, Ika-Werk), then the homogenate was
rubbed through a plastic filter of 0.5 mm pore size.
The thus obtained prostate suspension was further
ground for 5 minutes by using supersound and the
cell debris was purified by two ultracentrifugations
(100000 x g, 1 hour at 0 °C). The cell debris
settling in the second centrifugation was suspended
in a twofold tissue volume of 20 mM potassium
phosphate buffer of 0 °C (pH = 6.6) containing 20%
of glycerol and 1 mM of dithiothreitol. Thereafter,
the suspension was filtered through a plastic filter
of 0.5 mm pore size and stored in divided portions



WO 94/07909 PCT/HU93/00058

-15—
at -70 °C until the use.

Measurement of the Sa-reductase inhibition

In the routine investigation of enzyme inhibi-

5 tion, the reaction mixture contained 0.5 uM [3H]-
~-testosterone (with a specific activity of 2.7
GBg/mmol), 1 mM dithiothreitol, 500 uM NADPH, 40 mM
TRIS citrate buffer (pH = 5.1) and enzyme preparation
containing 0.5 to 0.6 mg of protein in a volume of

10 0.5 ml. ["TRIS" is the abbreviation of tris(hydroxy-
methyl)aminomethane]. The substances under test
dissolved inv5 ul of ethanol were added to the
incubation system in an amount sufficient to reach a
final concentration of 10~® to 1079 M of the

15 substances in the reaction mixture. The control
samples also contained 5 pl of ethanol. After
incubating the samples at 37 °C for 10 minutes (the
enzyme reaction was linear for 20 minutes) the
activity of the enzyme was stopped by adding 2 ml of

20 ethyl acetate. Subsequently, the steroids
(testosterone, DHT, androstanediol) were extracted
with an organic solvent and then separated on a
Poligram Sil G/UV 254 (Macherey Nagel) thin layer
chromatography (TLC) sheet by using twofold develop-

25 ment with a 198:3 mixture of chloroform/methanol. For
visualizing the steroid spots on the TLC sheet, 12 ug
of testosterone, DHT and androstanediol each were
added to the samples during the extraction. After the
TLC separation the steroid spots were cut out and the

30 percentage conversion of testosterone to DHT and
androstanediol (which latter is the chief metabolite
of DHT) were determined on the bases of their radio-
activity measured by liquid scintillation method. The
5a-reductase~inhibiting activity of the substances

35 under test was characterized by their concentration
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(ICsp value) decreasing the percentage conversion of
testosterone by 50% in comparison to the control
value.

In these investigations 178-[N-(1,1-dimethyl-
ethyl)carbamoyl]-3-oxo-4-aza-5a-androst-1-ene
(compound MK-906, Finasteride) developed by Merck
Sharp and Dohme Company (United States) was used as
reference substance. The results of the comparative
tests are shown in the following Table.

Table

Compound ICs0

178~-[N-(1,1-Dimethylethyl) carbamoyl]-
-3-oxo-4-aza-5a-androst-l1-ene (MK-906) 1.84 x 10"8 M

178-(2,6-Dimethylpiperidinocarbonyl) -
-3-oxo-4-aza-5a-androst-1-ene 8.59 x 10°2 M

178~ (Hexamethyleneiminocarbonyl)-3-
-oxo-4-aza-5a-androst-1-ene 1.31 x 1078 M

178~ (Heptamethyleneiminocarbonyl)-3-
-oxo-4-aza-5a-androst-l1-ene 8.64 x 1079 M

It can be seen from the data that the compounds
of general formula (I) according to the invention
posses a stronger 5a-reductase-inhibiting activity in
comparison to 178-[N-(1,1-dimethylethyl)carbamoyl]-3-
-oxo-4-aza-5a—-androst-1-ene used as reference
substance.

Based on their steroid Sa-reductase-inhibiting
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activity, the compounds of general formula (I) of the
present invention are useful for the treatment of all
diseases where the therapeutic aim is to decrease the
tissue concentration of DHT. Diseases of such kind

5 are, e.g., the benign prostatic hyperplasia, acne,
seborrhoea, femal hirsutism and androgenic alopecia.

The compounds of general formula (I) of the

invention can preferably be used for treating the
benign prostatic hyperplasia. The compounds can be

10 administered in various ways to the patients in order
to achieve the effect desired. In connection with the
treatment of benign prostatic hyperplasia, "patients"
are meant to be warm-blooded male animals such as
male dogs as well as male humans.

15 The compounds of the invention can be adminis-
tered alone or in combination with other compounds.
Preferably, the compounds can be administered in the
form of pharmaceutical compositions in oral or
parenteral, e.g., intravenous, intraperitoneal,

20 intramuscular or subcutaneous routes including the
direct injection of the active agent to the
prostate. Pharmaceutical compositions as implants
with sustained release may also be employed. The
amount to be used of the compounds can be varied

25 under wide limits and may be any effective amount.
Depending on the patient to be treated, severity of
the disease treated and route of the administration,
the effective amount of the compounds may be about
daily 0.001 to 10 mg/kg of body weight.

30 Pharmaceutical compositions useful for oral or
parenteral administration may contain, e.g., 0.1 to
100 mg of a compound according to the invention. The
dosage limits defined for the compounds of the
invention are useful for diminishing the size of

35 prostate, i.e., they represent an amount being
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effective for the treatment of benign prostatic
hyperplasia. The compounds according to the inven-
tion can be used for the treatment of the developed
disease (benign prostatic hyperplasia) or for treat-
ing the symptoms induced by the disease, respect-
ively; however, they can be employed for a
prophylactic therapy, too.

The compounds according to the invention can be
used also for the treatment of acne, sebborhoea,
androgenic alopecia or female hirsutism. In these
cases the compounds may be administered topically,
orally, parenterally, e.g., intramuscularly or
subcutaneously. It is suitable to employ a topical
treatment. Here, the patients to be treated may be
any mammal, e.g. primate, such as human and within
this men or women. The compounds may be used alone
or in combination with other compounds in the form
of suitable pharmaceutical compositions. The amount
to be used of the active agent depends on the manner
of treatment, state of the patient as well as the
severity of the disease (acne, seborhoea, androgenic
alopecia, female hirsutism). For oral and parenteral
administration the effective dose of the compound
may be about daily 0.001 to 10 mg/kg of body-weight.
In these routes of administration the pharmaceutical
compositions may contain 0.1 to 100 mg of a compound
of the invention as active ingredient. For topical
administration the active ingredient content of the
composition can be varied from 0.001 % up to 5 %.
When administered topically, the active ingredient
may be directly applied onto the site to be treated
or onto the oral or nasal mucosa.

The invention also relates to a method for
inhibiting the activity of the 5a-reductase enzyme
in mammals including humans. This method comprises
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administering a therapeutically effective amount of
active agent of the general formula (I) to the
patient.
The invention is illustrated in detail by the
5 following non-limiting Examples.

Example 1
Preparation of 17-hydrazono-4-aza-5a-androstan-
-3—-one

10 To a suspension of 10 g (0.0346 mol) of 4-aza-5a-

-androstane-3,17-dione in 100 ml of ethanol 14 ml
(0.1 mol) of triethylamine and 50 ml (1.0 mol)
hydrazine hydrate are added and the mixture is boiled
under reflux for 3 hours. [The progress of the reac-
15 tion is followed by thin layer chromatography (TLC)].
After complete reaction the mixture is cooled down,
the solution is evaporated to one tenth of its
original volume and then, the product is precipitated
by adding about 10-fold volume of water. After com-
20 paction the precipitate is filtered, washed with
water until neutral and dried to obtain the title
compound in a yield of 9.44 g (90%), m.p.: 254-

~-258 °C.
14-NMR (300 MHz, CDCl3) & ppm: 0.86 (s,3H,18-CH3),
25 0.93 (s,3H,19-CH3), 2.41 (m,2H,H-2),
3.07 (dd,1H,H-5), 4.77 (br,2H,NHy),
5.74 (br,1H,NH).
Example 2
30 Preparation of 17-hydrazono-4-azaandrost-5-en-
-3-one

The process of Example 1 is followed, except that
4-azaandrost-5-ene-3,17-dione is used as starting
material to give the title compound in a yield of

35 35%, m.p.: 379-382 °C.
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IR [KBr, \)(cm’l)]: 1633 (C=C), 1661 (C=N), 1693
(C=0), 3200 (NH), 3350 (NHy).

Example 3
Preparation of 17-hydrazono-4-methyl-4-aza-5a-
-androstan-3—-one
The process of Example 1 is followed, except that
4-methyl-4-aza-5a-androstane-3,17-dione is used as
starting material to obtain the title compound in a
yield of 75%, m.p.: 211-218 °C.
1H-NMR (300 MHz, CDCl;) & ppm: 0.86 (s,3H,18-CHj3),
0.91 (s,3H,19-CH3), 2.93 (s,3H,N-CHj3),
3.05 <dd(J=3.6;J=12.6),1H,H-5>, 4.78
(vbr,2H,NHjy) .

Example 4

Preparation of 17-iodo-4-aza-5a-androst-16-en-

-3-one

A.)

After dissolving 9.1 g (0.03 mol) of 17-
hydrazono-4-aza-5a-androstan-3-one in 1200 ml of an
1:1 chloroform/benzene mixture and then adding 90 ml
of triethylamine, 11.4 g (0.045 mol) of iodine
dissolved in 110 ml of benzene are dropwise added to
the above solution, which is then stirred for
additional 60-90 minutes at room temperature. (The
progress of the reaction is followed by TLC method).
After the reaction has become complete, the solution
is diluted with 500 ml of chloroform, successively
washed with 10% aqueous hydrochlorid acid solution,
water, 5% aqueous sodium thiosulfate solution, water,
finally with 5% aqueous sodium hydrogen carbonate
solution and water, then dried over anhydrous sodium
sulfate. After evaporating the solvents under reduced
pressure, the residue is purified by chromatography
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on a silica gel column by using chloroform and
chloroform/acetone mixture as eluents. The product
obtained is recrystallized from ethanol to give the
title compound in a yield of 5.9 g (50%).

B.)

The preceding procedure is followed, except that
tetramethylguanidine is used as base instead of tri-
ethylamine. In this way the title compound is

10 produced in a yield of 65%, m.p.: 278-282 °C.
1§-NMR (300 MHz, CDCl3) § ppm: 0.73 (s,3H,18-CHj3),
(0.91 (s,3H,19-CH3), 3.1 (dd,1H,H-5),

6.18 (m,1H,H-16), 6.9 (br,1H,NH).

15 Example 5
Preparation of 17-iodo-4-azaandrosta-5,16-dien-
-3-one
The process of Example 4 A.) is followed, except
that 17-hydrazono-4-azaandrost-5-en-3-one is used as
20 starting substance to give the title compound in a
yield of 57%, m.p.: 227-230 °C.
lH-NMR (300 MHz, CDCl3) & ppm: 0.78 (s,3H,18-CH3),
1.13 (s,3H,19-CH3), 4.9 <dd(J=2.4;
J=5.1),1H,H-6>, 6.15 <dd(J=3,2;J=1.7),
25 1H,H-16), 8.27 (br,1H,NH).

Example 6
Preparation of 17-iodo-4-methyl-4-aza-5a-androst-
-16-en-3-one
30 The process of Example 4 A.) is followed, except
that 17-hydrazono-4-methyl-4-aza-5a-androstan-3-one
is used as starting substance and benzene is used as
solvent to obtain the title compound in a yield of
52%, m.p.: 176-181 °C.
35 1H-NMR (300 MHz, CDCl3) § ppm: 0.74 (s,3H,18~CH3),
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0.92 (s,3H,19-CH3), 2.94 (s,3H,N-CH3),
3.07 <dd(J=3.7; J=12.6), 1H,H-5>, 6.13
<dd (J=3.2; J=1.7),1H,H~-16).

Example 7

Preparation of 17-chloro-4-methyl-4-aza-5a-

-androst-16-en-3-one

After dissolving 4 g (0.0126 mol) of 17-
~hydrazono-4-methyl-4-aza-5a-androstan-3-one in 40 ml
of anhydrous pyridine and cooling down the solution
to 0 °C, a solution of 3.2 g (0.024 mol) of N-chloro-
succinimide dissolved in 40 ml of pyridine are added
dropwise under vigorous stirring. After cessation of
the violent nitrogen evolution, the reaction mixture
is stirred for additional 15 minutes and then dropped
to 800 ml of water. After compaction of the
precipitate the crude product is filtered off, washed
with water until neutral and dried over phosphorus
pentoxide at room temperature under reduced pressure.
The crude product obtained is purified by
chromatography on a silica gel column by using
chloroform as eluent. After recrystallization of the
evaporation residue from petroleum ether, the title
compound is obtained in a yield of 2.15 g (53%),
m.p.: 139-140 °C.
14-NMR (60 MHz, CDCl3) & ppm: 0.88 (s,3H,18-CH3),

0.93 (s,3H,19-CH3), 2.89 (s,3H,N-CH3),
3.0 (d4,1H,H-5), 5.53 (m,1H,H-16).

Example 8

Preparation of 17-bromo-4-methyl-4-aza-5a-

androst-16-en-3-one

The process of Example 7 is followed, except that
similarly, 17-hydrazono-4-methyl-4-aza-5a-androstan-
-3-one is used as starting substance but N-bromo-
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succinimide is employed as reagent to obtain the

title compound in a yield of 55%, m.p. 159-161 °C.

14-NMR (60 MHz, CDCl3) & ppm: 0.82 (s,3H,18-CH3),
0.91 (s,3H,19-CH3), 2.86 (s,3H,N-CH3),
3.0 (dd,1H,H-5), 5.68 (m,1H,H-16).

Example 9
Preparation of 178-(2,6-dimethylpiperidino-
carbonyl) -3-oxo-4-aza-5a-androst-16-ene
 After dissolving 3.99 g (0.01 mol) of 17-iodo-4-
-aza-5a-androst-16-en-3-one in 150 ml of dimethyl-
formamide, 0.224 g (0.001 mol) of palladium(II) di-
acetate, 0.524 g (0.002 mol) of triphenylphosphine,
10 ml of triethylamine and 18.9 ml (0.14 mole) of
cis-2,6-dimethylpiperidine are added to the above
solution which is then maintained under a carbon
monoxide atmosphere at 60 °C for 1.5 to 2 hours. (The
progress of the reaction is followed by TLC and gas
chromatography.) After complete progress of the
reaction the amines and dimethylformamide
(abbreviated: DMF) are distilled off under reduced
pressure, the residue is dissolved in 150 ml of
chloroform and successively washed with water, 5%
aqueous hydrochloric acid solution, saturated aqueous
sodium hydrogen carbonate solution and finally with
saturated aqueous saline solution until neutral. The
chloroform solution is dried over anhydrous sodium
sulfate and after filtering off the drying agent and
evaporating the solvent, the residue is purified by
chromatography on a silica gel column by using ethyl
acetate as eluent to obtain the title compound in a
yield of 3.50 g (85%), m.p.: 307-309 °C.
1H-NMR (60 MHz, CDCl3) & ppm: 0.94 (s,3H,19-CHj3);
1.09 (s,3H,18-CH3); 1.24 (d4,6H,CH~CH3);
2.04 and 2.23 (2*m,2H,H-15); 2.40
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(vbr, 2H,NCH-CH3); 5.70 (m,1H,H-16); 6.20
(br,1H,NH) .

Example 10

Preparation of 178-(2,5-dimethylpyrrolidino—-

carbonyl)-3-oxo—-4-aza—-5a—androst-16-ene

The process of Example 9 is followed by using
17-iodo-4-aza-5a-androst-16-en-3-one as starting
substance and 2,5-dimethylpyrrolidine as reactant to
obtain the title compound in a yield of 95%, m.p.:
281-286 °C.

Example 11

Preparation of 17B-(heptamethyleneiminocarbonyl)-

-3-oxo—-4-aza-5a—-androst-16-ene

The process of Example 9 is followed by using 17-
-iodo-4-aza-5a-androst-16-en-3-one as starting
substance with heptamethyleneimine as reactant to
give the title compound in a yield of 88%, m.p.:
282-285 °C.

Example 12

Preparation of 178-(2,6-dimethylpiperidino-

carbonyl)-3-oxo-4-aza-5a—-androstane

After dissolving 2 g (0.0048 mol) of 178-(2,6-di-
methylpiperidinocarbonyl)-3-oxo-4-aza-5a-androst-16-
-ene in 80 ml of formic acid, a suspension containing
2 g of charcoal supported palladium catalyst in 12
ml of water is added under nitrogen and the hetero-
geneous reaction mixture is stirred at room temper-
ature for 4 to 5 hours. (The progress of the reduc-
tion is followed by TLC method.) After complete
progress of the reaction the catalyst is filtered
off and washed with an 1:1 mixture of chloroform and
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methanol. After evaporating the combined solution to
dryness, the residue is thoroughly triturated with
water, the precipitate is filtered and washed with
water to give the title compound in a yield of

5 1.74 g (87%), m.p.: 300-303 °C.

The title compound has been prepared also by
hydrogenating 17B-(2,6-dimethylpiperidinocarbonyl)-3-
-oxo-4-azaandrosta-5,16-diene as described above to
obtain a yield of 70%.

10 1H-NMR (300 MHz, CDCl3) § ppm: 0.71 (s,3H,18-CH3);

0.90 (s,3H,19-CH3); 1.18 and 1.20

(2*d, 6H,CH-CH3); 2.40 (m,2H,H-2); 2.71

(t,1H,H-17); 3.04 (dd4,1H,H-5); 4.28 and
4.73 (2*m,2H,NCH-CH3); 6.12 (br,1H,NH).

15

Example 13

Preparation of 178-(2,5-dimethylpyrrolidino-

carbonyl)-3-oxo-4-aza-5a—-androstane

A solution containing 2 g (0.005 mol) of 17B8-

20 ~-(2,5-dimethylpyrrolidinocarbonyl)-3-oxo-4-aza-5a-
-androst-16-ene in 140 ml of ethanol is hydrogenated
in the presence of 0.5 g of charcoal supported
palladium catalyst under atmospheric pressure for 5
to 8 hours. (The progress of the reaction is

25 followed by TLC method.) After complete hydrogena-
tion and filtering off the catalyst, the solution is
evaporated to give 1.9 g (95%) of the title
compound, m.p.: 295-300 °C.
1y-NMR (300 MHz, CDCl3) & ppm: 0.79 (s,3H,18-CHj3);

30 0.90 (s,3H,19-CH3); 1.18 and 1.31

(2*d,6H,CH-CH3); 2.40 (m,2H,H-2); 2.53
(t,1H,H-17); 3.05 (dd,1H,H-5); 4.11
(m,2H,NCH-CH3) ; 6.27 (br,1H,NH).
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Example 14
Preparation of 178-(heptamethyleneiminocarbonyl)-
-3—-oxo-4—-aza-5a-androstane
The process of Example 13 is followed, except
that 178~ (heptamethyleneiminocarbonyl)-3-oxo-4-aza-5a-
-androst-16-ene is used as starting substance to
obtain the title compound in a yield of 85%, m.p.:
256-266 °C.
1H-NMR (60 MHz, CDCl3) & ppm: 0.82 (s,3H,18-CH3);
0.91 (s,3H,19-CH3); 2.8-4.1 (m,5H,H-5 and
NCHy); 6.69 (br,1H,NH).

Example 15

Preparation of 178-(hexamethyleneiminocarbonyl)-

-3-0oxo0—-4-aza-5a—-androstane

The process of Example 13 is followed, except
that 17B-(hexamethyleneiminocarbonyl)~-3-oxo-4-aza-5a-
-androst-16-ene is used as starting substance to give
the title compound in a yield of 86%, m.p.: 276-
-281 °C.

Example 16

Preparation of 178-(4-methylpiperidinocarbonyl)-

-3-oxo—-4—-aza-5a-androstane

The process of Example 12 is followed, except
that 178-(4-methylpiperidinocarbonyl)-3-oxo-4-aza-
-5a-androst-16-ene is used as starting substance to
obtain the title compound in a yield of 83%, m.p.:
314-319 °C.

Example 17

Preparation of 178-(2,6-dimethylpiperidino-

carbonyl) -3-oxo-4-aza-5a—androst-1-ene

To a suspension containing 2.07 g (0.005 mol) of
178~ (2,6~dimethylpiperidinocarbonyl)-3-oxo-4-aza-5a-
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-androstane in 24 ml of toluene, 1.25 g (0.0055 mol)
of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone are
portionwise added during 30 minutes, then the reac-
tion mixture is stirred under nitrogen for additional
5 30 minutes. Subsequently, 5.5 ml (0.021 mol) of bis-
(trimethylsilyl)-trifluoroacetamide are dropwise
added to the suspension during 20 to 30 minutes and
after termination of the portionwise addition, -
2 drops of trifluoroacetic acid are added, then the
10 mixture is stirred at room temperature for 20 hours.
(The progress of the reaction is followed by TLC
method.) After complete progress of the reaction
0.05 g (0.0005 mol) of 1,3-cyclohexanedione are
added to the reaction mixture which is then stirred
15 at room temperature for additional 3 hours and
subsequently boiled under reflux for 18 to 20 hours.
After diluting with 6 ml of methylene chloride, the
reaction mixture is washed with sodium hydrogen
carbonate solution, dried over anhydrous sodium
20 sulfate and the solvents are removed under reduced
pressure. After recrystallization of the residue
from ethyl acetate the title compound is obtained in
a yield of 1.44 g (70%), m.p.: 288-292 °C.
1Hy-NMR (300 MHz, cDCl3) & ppm: 0.72 (s,3H,18-CH3);
25 0.97 (s,3H,19-CH3); 1.19 and 1.21
(2%d,6H,CH-CH3); 2.73 (t,1H,H-17);
3.32 (m,1H,H-5); 4.28 and 4.73
(2*m, 2H,NCH-CH3); 5.80 (dd,1H,H-2);
6.02 (br,1H,NH); 6.77 (d,1H,H-1).
30
Example 18
Preparation of 178-(2,5-dimethylpyrrolidino-
carbonyl) -3—-oxo-4-aza-5a-androst—-1-ene
The process of Example 17 is followed, except
35 that 178-(2,5-dimethylpyrrolidinocarbonyl)-3-oxo-4-
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-aza-5a-androstane is used as starting substance to
give the title compound in a yield of 67%, m.p.:
291-295 °C.
1H-NMR (300 MHz, CDCl;) & ppm: 0.80 (s,3H,18-CH3);
0.97 (s,3H,19-CH3); 1.19 and 1.31
(2*d, 6H,CH-CH3); 2.54 (t,1H,H-17); 3.32
(m,1H,H-5); 4.12 (m,2H,NCH-CH3); 5.80
(dd, 1H,H-2); 6.03 (br,1H,NH); 6.77
(d,1H,H-1).

Example 19
Preparation of 178-(heptamethyleneiminocarbonyl)-
-3-oxo—-4-aza-5a-androst-l1-ene
The process of Example 17 is followed, except
that 178-(heptamethyleneiminocarbonyl)-3-oxo-4-aza-
-5a-androstane is used as starting substance to
obtain the title compound in a yield of 72%, m.p.:
278-281 °C.
1H-NMR (60 MHz, CDCl;) & ppm: 0.82 (s,3H,18-CH3);
0.98 (s,3H,19-CH3); 2.66 (t,1H,H-17); 3.32
(m,5H,H-5); 3.07-3.3 and 3.63-3,86
. (m,4H,NCH5); 5.80 (dd,1H,H-2); 6.02
(br,1H,NH); 6.78 (d,1H,H-1).

Example 20
Preparation of 178-(hexamethyleneiminocarbonyl)-
3-oxo-4-aza-5a—-androst-1-ene
The process of Example 17 is followed, except
that 178-(hexamethyleneiminocarbonyl) ~3-oxo-4-aza-5a-
-androstane is used as starting substance to obtain
the title compound in a yield of 71%, m.p.: 270-
-273 °C.
1H-NMR (60 MHz, CDCl3) & ppm: 0.81 (s,3H,18-CH3);
0.98 (s,3H,19-CH3); 2.9-4.1 (m,5H,H-5 and
NCHy); 5.79 (dd,1H,H-2); 6.5 (br,1H,NH);
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6.79 (d,1H,H-1).

Example 21

Preparation of 178-(4-methylpiperidinocarbonyl)-

3-oxo-4—-aza—-5a-androst-1-ene

The process of Example 17 is followed, except
that 17B-(4-methylpiperidinocarbonyl)-3-oxo-4~aza-5a-
-androstane is used as starting substance to give the
title compound in a yield of 75%, m.p.: 318-324 °C.

Example 22

Preparation of 178-(3,3-dimethylpiperidino-

carbonyl) -3-oxo-4-aza-5a-androst-1-ene

The process of Example 17 is followed, except
that 178-(3,3-dimethylpiperidinocarbonyl)-3-oxo-4-
-aza-5a-androstane is used as starting substance to
obtain the title compound in a yield of 73%, m.p.:
278-282 °C.

Example 23

Preparation of 178-(4,4-pentamethylenepiperidino-

carbonyl)-3-oxo-4-aza-5a-androst-l1-ene

The process of Example 17 is followed, except
that 178-(4,4-pentamethylenepiperidinocarbonyl)-3-
-oxo-4-aza-5a-androstane is used as starting
substance to give the title compound in a yield of
75%, m.p.: 308-311 °C.

Example 24

Preparation of 178-(2,6-dimethylpiperidino-

carbonyl) -3-oxo-4-aza-5a—-androsta-1,16-diene

The process of Example 17 is followed, except
that 17B-(2,6-dimethylpiperidinocarbonyl)-3-oxo-4-
-aza-5a-androst-16-ene is used as starting substance
to give the title compound in a yield of 62%, m.p.:
288-290 °C.
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1H-NMR (300 MHz, CDCl3) & ppm: 1.01 (s,3H,19-CHj3);
1.10 (s,3H,18-CH3); 1.24 and 1.25
(2*d, 6H,CH-CH3); 2.05 and 2.23
(2*m,2H,H-15); 3.35 (m,1H,H-5); 4.00-5.1
(vbr,2H,NCH-CH3); 5.71 (m,1H,H-16); 5.80
(dd, 1H,H-2); 6.19 (br,1H,NH); 6.80
(d,1H,H-1).

Example 25
Preparation of 17B-(2,5-dimethylpyrrolidino-
carbonyl)-3-oxo—-4-aza-5a-androsta-1,16-diene
The process of Example 17 is followed, except
that 178-(2,5-dimethylpyrrolidinocarbonyl)-3-oxo-4-
aza-5a-androst-16-ene is used as starting substance
to obtain the title compound in a yield of 57%, m.p.:
284-287 °C.
1H-NMR (300 MHz, CDCl3) & ppm: 1.01 (s,3H,19-CH3);
1.12 (s,3H,18-CH3); 1.22 and 1.29
(2*d,6H,CH-CH3); 2.05 and 2.24 (m,2H,
H-15); 3.35 (m,1H,H-5); 3.95-4.18
(m,2H,NCH-CH3); 5.82 (dd,1H,H-2); 5.87
(m,1H,H-16); 6.24 (br,1H,NH); 6.81
(d,1H,H-1).

Example 26
Preparation of 178-(2,6-dimethylpiperidino-
carbonyl) -4-methyl-3-oxo-4-aza-5a—-androstane
The process of Example 13 is followed, except
that 178-(2,6-dimethylpiperidinocarbonyl)-4-methyl-
-3-oxo-4-aza-5a-androst-16-ene is used as starting
substance to obtain the title compound in a yield of
88%, m.p.: 200-203 °C.
1g-NMR (60 MHz, CDCl3) & ppm: 0.71 (s,3H,18-CH3);
0.90 (s,3H,19-CH3); 1.21 (4,6H,CH-CH3);
2.92 (s,3H,NCH3); 3.05 (dd,1H,H-5);
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4.0-5.0 (2*vbr,2H,2*NCH-CH3); 6.12
(br,1H,NH) .

Example 27
5 Preparation of 178-(heptamethyleneiminocarbonyl)-
-4-methyl-3-oxo-4-aza—-5a-androstane
The process of Example 13 is followed, except
that 178-(heptamethyleneiminocarbonyl)-4-methyl-3-
-oxo-4-aza-5a-androst-16-ene is used as starting
10 substance to give the title compound in a yield of
85%, m.p.: 126-129 °C.
1H-NMR (60 MHz, CDCl3) & ppm: 0.83 (s,3H,18-CH3);
0.91 (s,3H,19-CH3); 2.94 (s,3H,NCH3);
2.8-4.1 (m,5H,H-5 and NCHjy).
15
Example 28
Preparation of 178-(hexamethyleneiminocarbonyl)-
-4A-methyl-3-oxo-4-aza-5a—androstane
The process of Example 13 is followed, except
20 that 178-(hexamethyleneiminocarbonyl)-4-methyl-3-oxo-
-4-aza-5a-androst-16-ene is used as starting
substance to obtain the title compound in a yield of
87%, m.p.: 135-137 °C.
1H-NMR (60 MHz, CDCl3) & ppm: 0.80 (s,3H,18-CH3);
25 0.91 (s,3H,19-CH3); 2.94 (s,3H,NCH3);
2.8-4.1 (m,5H,H-5 and NCHj).

Example 29 '
Preparation of an oily injectable solution
30 The active ingredient is dissolved in the mixture
of benzyl benzoate and castor oil suitable for
preparing injectable solution, then the solution is
filled up to the desired volume with castor oil.
Subsequently, the solution is filtered until free

35 from bacteria and strange materials, then filled into
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ampoules and sterilized by heat.
‘The components of a composition of 1 ml volume
are as follows:

Active ingredient 50 mg
5 Benzyl benzoate 120 mg
Castor oil filled up to 1 ml.

Instead of castor o0il sunflower oil may also be
used with the same result.
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1. Novel 178-substituted 4-azaandrostane
derivatives of general formula (I),

wherein

R means hydrogen or a Cj-jalkyl group;

Rl and R?, which are the same or different and
stand for hydrogen or a Cj-galkyl group
with the proviso that both can mean
hydrogen only in the case when n is
higher than 5; or

Rl and R2 together means an a,W -alkylene group
containing 5 to 7 carbon atoms, the
terminal carbon atoms of said alkylene

group being bound to the same ring carbon

atom;

n is 4, 5, 6 or 7; and

—— bond line represents a single or double
bond.

2. A compound selected from the group consisting of
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17B-(2,6-dimethylpiperidinocarbonyl) -3-oxo-4-aza-5a-
-androst-16-ene, .
17B-(2,S-dimethylpyrrolidinocarbbnyl)—3—oxo-4—aza-5a-
-~androst-16-ene,
5 178~ (heptamethyleneiminocarbonyl)-3-oxo-4-aza-5a-
-androst-16-ene,
178-(2,6-dimethylpiperidinocarbonyl)-3-oxo-4-aza-5a-
~androstane,
178-(2,5-dimethylpyrrolidinocarbonyl)-3-oxo-4-aza-5a-
10 -androstane,
178~ (heptamethyleneiminocarbonyl) ~-3-oxo-4-aza-5a-
-androstane,
178-(2,6-dimethylpiperidinocarbonyl)-3-oxo-4-aza-5a-
-androst-l1-ene,
15 178-(2,5-dimethylpyrrolidinocarbonyl)-3-oxo-4-aza-5a-
-androst-1-ene,
17B8- (heptamethyleneiminocarbonyl)-3-oxo-4~aza-5a-
-androst-1-ene,
178~ (hexamethyleneiminocarbonyl)-3-oxo-4-aza-5a-
20 -androst-1-ene,
178-(4-methylpiperidinocarbonyl)-3-oxo-4-aza-5a-
-androst-1-ene,
178-(3,3-dimethylpiperidinocarbonyl) -3-oxo-4-aza-5a-
-androst-1-ene,
25 178-(4,4-pentamethylenepiperidinocarbonyl)-3-oxo-4-
-aza-5a-androst-1-ene,
178-(2,6~-dimethylpiperidinocarbonyl)-3-oxo-4-aza~-5a-
-androsta-1,16-diene, _
178-(2,5-dimethylpyrrolidinocarbonyl)-3-oxo-4-aza-5a-
30 -androsta-1,16-diene,
178-(2,6-dimethylpiperidinocarbonyl)-4-methyl-3-oxo-
-4-aza-5a-androstane,
178-(heptamethyleneiminocarbonyl)-4-methyl-3-oxo-4-
-aza-5a-androstane,
35 178~ (hexamethyleneiminocarbonyl)-4-methyl-3-oxo-4-



WO 94/07909 PCT/HU93/00058

=35~

-aza-5a-androstane,
178~ (hexamethyleneiminocarbonyl) -3-oxo~4-aza-5a-

-androstane and
178-(4-methylpiperidinocarbonyl) -3-oxo-4-aza-5a-

5 -androstane.

3. A pharmaceutical composition with 5a-
reductase enzyme-inhibiting effect, which
comprises, as active ingredient a
therapeutically effective amount of one or more

10 17B8-substituted 4-azaandrostane derivative(s) of
general formula (I), wherein R, Rl, R?, n and
—--- bond line are as defined in claim 1, in
admixture with filling, diluting, stabilizing, pH-
and osmotic pressure-adjusting and/or formulation-

15 -promoting additives commonly used in the pharma-
ceutical industry.

4. A process for the preparation of the novel
17B~-substituted 4-azéand:ostane derivatives of
general formula (I),

20

25

30

35
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wherein

R means hydrogen or a Cj.j3alkyl group;

Rl and R2 are the same or different and stand for
hydrogen or a Cj-galkyl group with the
proviso that both can mean hydrogen only
in the case when n is higher than 5; or

Rl and R2 together means an a, w-alkylene group
containing 5 to 7 carbon atoms, the
terminal carbon atoms of said alkylene
group being bound to the same ring carbon
atom;

n is 4, 5, 6 or 7; and

——— bond line represents a single or double
bond

which comprises,

reacting a 17-halogeno-4-azaandrostene derivative
of general formula (II)

/>N (1)

wherein R and -=--- bond line are as defined above and
X stands for chlorine, bromine or iodine, with a
cyclic amine of general formula (III),
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R‘l

”4 (1)

H—-N_, (CH2)n

.

R

wherein R1, R2 and n are as defined above, in a
dipolar aprotic solvent in the presence of a
palladium(II) salt, a tertiary amine base and
phosphines, or in the presence of a palladium(II)
complex and a tertiary amine base, in a carbon
monoxide atmosphere at a temperature between 35 °C
and 80 °C; and

if desired, dehydrogenating an obtained compound
of general formula (I), wherein R, Ri, R2, the
---- bond line between the Cg and Cg atoms as well as
n are as defined above, containing a double bond
between the Cjg and C;7 atoms as well as a single
bond between the C; and C; atoms to obtain a compound
of general formula (I) containing double bonds
between the C; and C, atoms as well as between Cjg
and C17 atoms, wherein R, Rl, R?, the ---- bond line
between Cg and Cg atoms and n are as defined above;
and/or

if desired, transforming by catalytical
hydrogenation an obtained compound of general formula
(I), wherein R, Rl, RZ, n, the ==-- bond line
between the Cs and Cg atoms as well as between the
€1 and C, atoms are as defined above, containing a
double bond between the Cjg and Cj7 atoms, to obtain
a compound of general formula (I) containing a
single bond as the ---- bond line, wherein R, R1, R2
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and n are as defined above; and/or

if desired, dehydrogenating an obtained compound
of general formula (I), wherein R, Rl, R2 and n are
as defined above, containing single bonds between the

5 C; and Cp; atoms, Cs and Cg atoms, as well as C3g and
C17 atoms, to obtain a compound of general formula
(I), containing a double bond between the C; and Cj
atoms, wherein R, Rl, R?2 and n are as defined above
and the ---- bond line means single bonds between

10 the C5 and Cg as well as Cjg and Cj;7 atoms.

5. A process as claimed in claim 4, wh ich
compr ises |using palladium(II) diacetate or
palladium(II) dichloride as palladium(II) salt,
triethylamine as tertiary amine base and triphenyl-

15 phosphine, 1,4-bis(diphenylphosphino)butane, 1,2-bis-
(diphenylphosphino)ethane or 1,3-bis(diphenyl-
phosphino)propane as phosphine.

6. A process as claimed in claim 4, which
comprises using a complex of a

20 palladium(II) salt with triphenylphosphine, preferab-
ly [bis(triphenylphosphino)palladium(II)] dichloride
or diacetate as a palladium(II) complex.

7. A process as claimed in claim 4, which
comprises using dimethylformamide or di-

25 methylsulfoxide as a dipolar aprotic solvent.

8. A process as claimed in claim 4, which
compr ises carrying out the dehydrogenation
between the C; and C, atoms of compounds of the
general formula (I), wherein R, Rl, R2, n and the

30 ---— bond line between the Cg and Cg atoms as well as
Cig and C17 atoms are as defined for formula (I),
containing a single bond between the C; and C; atoms,
by using a quinone type substance, preferably 2,3-di-
chloro-5,6-dicyano-1,4-benzoquinone in the presence

35 of a silylating agent, preferably bis(trimethyl-
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silyl)-trifluoroacetamide.

9. A process as claimed in claim 4, which
compr ises carrying out the dehydrogenation
between the C; and C; atoms of compounds of general
formula (I), wherein R, R}, R2, n and the ---- bond
line between the Cg and Cg atoms as well as Cj;g and
C,7 atoms are as defined for formula (I), containing
a single bond between the C; and C; atoms, by using
benzeneselenic acid anhydride.

10. A process as claimed in claim 4, which
comprises carrying out the catalytic
hydrogenation of compounds of general formula (I),
wherein R, Rl, R2, n and the ---- bond line between
the C; and C, atoms as well as Cs and Cg atoms are as
defined above, containing a double bond between the
Ci1e and C;7 atoms, in an alcoholic solution in the
presence of hydrogen gas and charcoal supported
palladium catalyst; or in the presence of charcoal
supported palladium catalyst in formic acid medium;
or in the presence of hydrogen gas and platinum
oxide catalyst in a glacial acetic acid medium.

11. A process for the preparation of a pharma-
ceutical composition with 5a-reductase enzyme-
inhibiting effect, wh ich comprises
admixing as active ingredient a therapeutically
effective amount of one or more 17B-substituted 4-
~azaandrostane derivative(s) of general formula (I),
wherein R, Rl, R2, n and ---- bond line are as
defined in claim 1, with filling, diluting,
stabilizing pH- and osmotic pressure-adjusting
and/or formulation-promoting additives commonly used
in the pharmaceutical industry and transforming the
mixture into a pharmaceutical composition.

12. Method for inhibiting the Sa-reductase
enzyme in mammals including humans,
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characterized by administering to a

patient to be treated a therapeutically effective

amount of a 17B-substituted 4-azaandrostane

derivative of general formula (I), wherein R, RI, RZ,
5 n and the =--- bond line are as defined in claim 1,

alone or in the form of a pharmaceutical composition.



INTERNATIONAL SEARCH REPORT

International application No.

PCT/HU 93/00058

A CLASSIFICATION OF SUBJECT MATTER
IPC®: C 07 J 73/00, A 61 K 31/58

According to International Patent Qlassification (IPC) ot to both national classification and IPC

B. FIELDS SEARCHED

5

IPC™: C 07 J 73/00, A 61 K 31/58

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the ficlds searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

(27.12.91), page 4, line 14 - page 7, line 26.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A EP, A2, O 484 094 (SANKYO COMPANY LIMITED) 1,3,4,11,12
06 May 1992 (06.05.92), claims 1,31; pages 80, line
47 - page 82.
A EP, Al, O 200 859 (FARMITALIA CARLO ERBA) 1,3,4,11,12
12 November 1986 (12.11.86), claims 1,6-8; page 18,
line 5 - page 23.
A EP, A2, O 462 662 (MERCK & CO) 27 December 1991 1,3,4,11,12

D Further documents are listed in the continuation of Box C.

See patent family annex.

¢ Special categories of cited documents:

“A" document defining the general state of the art which is not considered
to be of particular reievance

earlier document but published on or after the international filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

special reason (as specified)

“gr
apw

“O" document referring to an oral disclosure, use, exhibition or other
means

“P"  document published prior to the international filing date but later than
the priority date claimed

“T" later document published after the intemational filing date or priority
date and not in coaflict with the application but cited to understand
the principle or theory underlying the inveation

“X” document of particular relevance; the claimed invention caanot be

considered novel or cannot be considered to involve an inventive

step when the document is taken alone

“Y" document of particular relevance; the claimed invention cannot be

considered to iavolve an inventive step when the document is

combined with oneor more othersuch documeats, such combination
being obvious to a person skilled in the art

“&"” document member of the same patent family

Date of the actual completion of the international search

13 January 1994 (13.01.94)

Date of mailing of the international search report

25 January 1994 (25.01.94)

Name and mailing address of the ISA/ AT
AUSTRIAN PATENT OFFICE
Kohlmarkt 8-10
A-1014 Vienna

Facsimile No. 1/53424/535

Authorized officer
Hofbauer e.h.

- Aalaaal,Col BN o L Iy B SN KT SR DN YoV T2

TelephoneNo.  1/5337058/26




INTERNATIONAL SEARCH REPORT
Information on pateat family members

International application No.

PCT/HU 93/00058

In Recherchenbericht Datus der Mitglied(er) der Datua der
angefihrtes Patentdokusent Veraffentlichung Patentfanmilie Verdtfentlichung
Patent docusent cited Publication Patent family Publication
in search report date - menber (s) date
Docunent de brevet cité Date de Membre(s) de la Date de
dans le rapport de recherche publication fanille de brevets publication
EF AZ 484094 046=-05-92 AU Al B6B21/91 30~04-92
Al B2 440279 19-08-93
CaA AR 2054368 F0-04-92
CN A 1062145 24-06~92
C8 A3 92103269 13~-05-92
EP A3 484094 14-07-93
HU AQ 913396 28-01-92
HU A2 99417 28-05-92
IL AO 29889 18-08-92
FT A 9371 30-09-92
ZA A 2108370 26~-08-92
JP A2 S032693 09-02~93
EF Al 200859 12-11-86 GB A0 8505862 11-04-85
JF A2 61257996 15-11-86
Us A 4732897 22-03-88
EP AZ 4462642 27-12~91 CA AA 2044915 21-12-91
CA AQ 2058920 21-12-91
EF AZ 462662 19-08-92
JP AZ 4230294 19-08-92
CA AR 2058920 19-12-92

Form PCT/ISA/210 (pateat family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

